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(57) ABSTRACT 

Light emitting diodes include a diode region having ?rst and 
second opposing faces that include therein an n-type layer and 
a p-type layer, an anode contact that ohmically contacts the 
p-type layer and extends on the ?rst face, and a cathode 
contact that ohmically contacts the n-type layer and also 
extends on the ?rst face. The anode contact and/ or the cathode 
contact may further provide a hybrid re?ective structure on 
the ?rst face that is con?gured to re?ect substantially all light 
that emerges from the ?rst face back into the ?rst face. 
Related fabrication methods are also described. 
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SEMICONDUCTOR LIGHT EMITTING 
DIODES HAVING REFLECTIVE 
STRUCTURES AND METHODS OF 

FABRICATING SAME 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
[0001] The present application is a continuation-in-part 
application of US. application Ser. No. 11/985,410, entitled 
“Wire Bond Free Wafer Level LED” ?led Nov. 14, 2007, and 
US. application Ser. No. 12/329,713, entitled “Light Emit 
ting Diode With Improved Light Extraction”, ?led Dec. 8, 
2008, the disclosures of both of Which are hereby incorpo 
rated herein by reference as if set forth in their entirety herein. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] The present invention Was developed With Govem 
ment support under Contract No. 70NANB4H3037 of the 
Department of Commerce. The Government has certain 
rights in this invention. 

BACKGROUND OF THE INVENTION 

[0003] This invention relates to semiconductor light emit 
ting devices and methods of fabricating same, and more par 
ticularly to semiconductor Light Emitting Diodes (LEDs) and 
fabrication methods therefor. 
[0004] Semiconductor LEDs are Widely knoWn solid-state 
lighting elements that are capable of generating light upon 
application of voltage thereto. LEDs generally include a 
diode region having ?rst and second opposing faces, and 
including therein an n-type layer, a p-type layer and a p-n 
junction. An anode contact ohmically contacts the p-type 
layer and a cathode contact ohmically contacts the n-type 
layer. The diode region may be epitaxially formed on a sub 
strate, such as a sapphire, silicon, silicon carbide, gallium 
arsenide, gallium nitride, etc., groWth substrate, but the com 
pleted device may not include a substrate. The diode region 
may be fabricated, for example, from silicon carbide, gallium 
nitride, gallium phosphide, aluminum nitride and/or gallium 
arsenide-based materials and/or from organic semiconduc 
tor-based materials. Finally, the light radiated by the LED 
may be in the visible or ultraviolet (UV) regions, and the LED 
may incorporate Wavelength conversion material such as 
phosphor. 
[0005] LEDs are increasingly being used in lighting/illu 
mination applications, With one ultimate goal being a replace 
ment for the ubiquitous incandescent lightbulb. 

SUMMARY OF THE INVENTION 

[0006] Light emitting diodes according to various embodi 
ments include a diode region having ?rst and second oppos 
ing races and including therein an n-type layer and a p-type 
layer, an anode contact that ohmically contacts the p-type 
layer and extends on the ?rst face and a cathode contact that 
ohmically contacts the n-type layer and also extends on the 
?rst face. The anode contact and/or the cathode contact fur 
ther include a re?ective structure on the ?rst face that is 
con?gured to re?ect substantially all light that emerges from 
the ?rst face back into the ?rst face. In some embodiments, 
the re?ective structure re?ects the light that emerges from at 
least 90% of an area of the ?rst face back into the ?rst face. 
Moreover, the re?ective structure itself may be con?gured to 
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re?ect at least 90% of the light that impinges thereon. Accord 
ingly, embodiments of the present invention can provide lat 
eral light emitting diodes having both contacts on a given face 
thereof and an integral re?ective structure. The lateral light 
emitting diodes may be used in a ?ip-chip con?guration, such 
that the contacts may be used to mount the LED on a pack 
aging sub strate, and the light emerges from the light emitting 
diode from a face other than the ?rst face. 

[0007] In some embodiments, the re?ective structure com 
prises a re?ective surface of the anode contact that ohmically 
contacts the p-type layer, a re?ective surface of the cathode 
contact, and a re?ective surface of an extension of the cathode 
contact. The re?ective structure further includes a transparent 
insulating layerbeneath the cathode contact and its extension. 
In some of these embodiments, a barrier layer may be pro 
vided on the anode contact including on sideWalls thereof, 
and the re?ective structure can re?ect all the light that 
emerges from the ?rst face back into the ?rst face, except for 
light that is absorbed by the barrier layer on the sideWalls of 
the anode contact. In other embodiments, the anode contact is 
transparent, and the re?ective structure further comprises a 
re?ective surface of an extension of the cathode contact that 
extends onto the transparent anode contact. The transparent 
insulating layer also may extend beneath the extension of the 
cathode content that is on the transparent anode contact. In 
some of these embodiments, a current spreading layer may be 
provided on the transparent anode contact and the re?ective 
structure can re?ect all the light that emerges from the ?rst 
face back into the ?rst face, except for light that is absorbed by 
the current spreading layer. 
[0008] A transparent substrate may be provided on a sec 
ond face in any of these embodiments, so that the light 
emerges from the transparent substrate. The transparent sub 
strate can include an outer face that is remote from the diode 
region, and the outer face can be differently textured in a ?rst 
portion thereof than a second portion thereof, so as to provide 
an orientation indicator for the light emitting diode. 
[0009] In other embodiments, an anode pad is electrically 
connected to the anode contact and a cathode pad is electri 
cally connected to the re?ective cathode contact. The anode 
and the cathode pad extend on the ?rst face in closely spaced 
apart relation to one another, to de?ne a gap therebetWeen. 
Moreover, in some embodiments, the light emitting diode is 
?ip-chip mounted on a mounting substrate, such that the 
anode and cathode pads are adjacent the mounting substrate, 
and the diode region is remote from the mounting substrate. 
[0010] Light emitting diodes according to other embodi 
ments comprise a diode region including therein an n-type 
layer and a p-type layer, and a contact for one of the n-type 
layer or the p-type layer. The contact includes a transparent 
insulating layer on one of the n-type layer or the p-type layer 
that has an index of refraction that is less than the one of the 
n-type layer or the p-type layer. A re?ective layer electrically 
contacts the one of the n-type layer or the p-type layer, and 
extends on the transparent insulating layer. In some embodi 
ments, the re?ective layer electrically contacts the one of the 
n-type layer or the p-type layer by extending through the 
transparent insulating layer and extending on the transparent 
insulating layer. In other embodiments, the re?ective layer 
ohmically contacts the one of the n-type layer or the p-type 
layer. The transparent insulating layer and the re?ective layer 
can provide a hybrid re?ective structure or “hybrid mirror”, 
Wherein the underlying transparent insulating layer provides 
an index of refraction mismatch or index step to enhance the 
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total internal re?ection (TIR) from the diode region compared 
to absence of the underlying transparent insulating layer. 
[0011] In still other embodiments, the contact is a ?rst 
contact and the re?ective layer is a ?rst re?ective layer, and 
the light emitting diode further includes a second contact for 
the other of the n-type layer or the p-type layer. The second 
contact comprises a second re?ective layer that ohmically 
contacts the other of the n-type layer or the p-type layer. In 
still other embodiments, a second contact for the other of the 
n-type layer or the p-type layer comprises a transparent con 
ductive layer that ohmically contacts the other of the n-type 
layer or the p-type layer, and the transparent insulating layer 
and the re?ective layer both extend onto the transparent con 
ductive layer. In some embodiments, the transparent conduc 
tive layer has an index of refraction betWeen that of the other 
of the n-type layer or the p-type layer and the transparent 
insulating layer. Moreover, in any of these embodiments, the 
?rst and second contacts can both extend from on the ?rst face 
of the diode region and a transparent substrate can be pro 
vided on the second face that has an index of refraction that is 
about the same as the diode region. The substrate can thereby 
enhance light extraction. 
[0012] Light emitting diodes according to still other 
embodiments include a diode region having ?rst and second 
opposing faces and including an n-type layer and a p-type 
layer. A re?ective anode contact ohmically contacts the 
p-type layer and extends on the ?rst face. A re?ective cathode 
contact also ohmically contacts the n-type layer and extends 
on the ?rst face. The re?ective anode contact and the re?ec 
tive cathode contact are con?gured to collectively re?ect 
substantially all light that emerges from the ?rst face back 
into the ?rst face. The re?ective anode contact may comprise 
a re?ective layer and a barrier layer as described above. In 
other embodiments, the re?ective cathode contact may com 
prise a transparent insulating layer and a re?ective layer, as 
described above. 

[0013] Light emitting diodes according to yet other 
embodiments include a diode region having ?rst and second 
opposing faces and including therein an n-type layer and a 
p-type layer. An anode contact ohmically contacts the p-type 
layer and extends on the ?rst face. A transparent insulating 
layer extends on the ?rst face outside the anode contact. A 
re?ective cathode contact electrically contacts the n-type 
layer and extends through the transparent insulating layer and 
onto the transparent insulating layer that is outside the anode 
contact, to cover substantially all of the ?rst face that is 
outside the anode contact With the re?ective cathode contact. 
In some embodiments, the transparent insulating layer also 
extends onto the anode contact and the re?ective cathode 
contact also extends onto the transparent insulating layer that 
is on the anode contact, to cover substantially all of the ?rst 
face that is outside the anode contact With the re?ective cath 
ode contact and to also cover at least a portion of the anode 
contact With the re?ective cathode contact. Moreover, some 
embodiments include a via that extends into the ?rst face to 
expose the n-type layer and the transparent insulating layer 
extends into the via. The re?ective cathode contact also 
extends on the transparent insulating layer into the via to 
electrically contact the n-type layer that is exposed in the via. 
The transparent insulating layer and the re?ective layer can 
provide a hybrid re?ective structure or “hybrid mirror”, 
Wherein the underlying transparent insulating layer provides 
an index of refraction mismatch or index step to enhance the 
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TIR from the diode region compared to absence of the under 
lying transparent insulating layer. 
[0014] In some embodiments, the re?ective cathode con 
tact directly ohmically contacts the n-type layer. HoWever, in 
other embodiments, an ohmic contact is provided that directly 
ohmically contacts the n-type layer and the re?ective cathode 
contact is on the ohmic contact. Moreover, in some embodi 
ments, the transparent insulating layer may comprise a plu 
rality of transparent sublayers to provide, for example, a 
distributed Bragg re?ector and/ or the re?ective layer may 
include a plurality of sublayers. 
[0015] Some embodiments include a re?ective anode con 
tact, Whereas other embodiments include a transparent anode 
contact. Thus, in some embodiments, the anode contact com 
prises a re?ective anode contact that ohmically contacts the 
p-type layer and extends on the ?rst face. The re?ective anode 
contact may include sideWalls, and the light emitting diode 
may further comprise a barrier layer on the re?ective anode 
contact, including on the sideWalls thereof. 
[0016] In other embodiments, the anode contact comprises 
a transparent anode contact that ohmically contacts the p-type 
layer and extends on the ?rst face. A current spreading layer 
may also be provided on a portion of the transparent anode 
contact. The transparent insulating layer may extend onto the 
transparent anode contact and the re?ective cathode contact 
may also extend onto the transparent insulating layer that is 
on the transparent anode contact, to cover at least a portion of 
the transparent anode contact With the re?ective cathode con 
tact. Moreover, Where a current spreading layer is present on 
a portion of the transparent anode contact, the transparent 
insulating layer may extend onto the transparent anode con 
tact that is outside the portion and the re?ective cathode 
contact may also extend onto the transparent insulating layer 
that is on the transparent anode contact outside the portion, to 
cover the transparent anode contact that is outside the portion 
With the re?ective cathode contact. 

[0017] Any of the above-described embodiments may 
include an anode pad that is electrically connected to the 
anode contact and a cathode pad that is electrically connected 
to the re?ective cathode contact. The anode and cathode pads 
may extend on the ?rst face in closely spaced apart relation to 
one another to de?ne a gap therebetWeen. In some embodi 
ments, the anode pad and the cathode pad both extend on the 
re?ective anode contact and the re?ective anode contact 
includes a break therein that corresponds to the gap, so as to 
alloW the cathode and anode pads to be electrically insulated 
from one another. In these embodiments, the light emitting 
diode may further include a re?ective layer that is insulated 
from the anode pad and/ or the cathode pad, and that extends 
across the break. Moreover, in some embodiments, the re?ec 
tive cathode contact also provides a plating seed layer, and the 
anode and cathode pads are plated anode and cathode pads on 
the seed layer. In other embodiments, a separate plating seed 
layer may be provided. In still other embodiments, the light 
emitting diode is ?ip-chip mounted on the mounting substrate 
such that the anode and cathode pads are adjacent the mount 
ing substrate and the diode region is remote from the mount 
ing substrate. 
[0018] In other embodiments, a transparent substrate may 
be included on the second face. The transparent substrate may 
include an outer face that is remote from the diode region. The 
transparent substrate can enhance light extraction. The outer 
face can be differently textured in a ?rst portion thereof than 
a second portion thereof, so as to provide an orientation 
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indicator for the light emitting diode. In still other embodi 
ments, a substrate is not included, and the second opposing 
face of the diode region may be textured, With or Without the 
orientation indicator. 
[0019] Light emitting diodes according to still other 
embodiments include a diode region having ?rst and second 
opposing faces, and including therein an n-type layer and a 
p-type layer. A transparent anode contact ohmically contacts 
the p-type layer and extends on the ?rst face. A transparent 
cathode contact ohmically contacts the n-type layer and also 
extends on the ?rst face. A transparent insulating layer 
extends on the ?rst face including on the transparent anode 
contact and the transparent cathode contact. A re?ective layer 
is provided on the transparent insulating layer that substan 
tially covers the ?rst face. The transparent insulating layer 
and the re?ective layer can provide a hybrid re?ective struc 
ture or “hybrid mirror”, Wherein the underlying transparent 
insulating layer provides an index of refraction mismatch or 
index step to enhance the TIR from the diode region com 
pared to absence of the underlying transparent insulating 
layer. 
[0020] In some embodiments, a current spreading layer 
may be provided betWeen the transparent anode contact and 
the re?ective layer and betWeen the transparent cathode con 
tact and the re?ective layer. In some embodiments, the re?ec 
tive layer includes ?rst and second portions, and the current 
spreading layer electrically connects the transparent anode 
contact to the ?rst portion and electrically connects the trans 
parent cathode contact to the second portion. Moreover, in 
other embodiments, the transparent anode contact and the 
transparent cathode contact both comprise transparent con 
ductive metal oxide, such as indium tin oxide. The re?ective 
layer comprises an elemental metal layer that is spaced apart 
from the ?rst face, such that the ?rst face is free of direct 
contact With elemental metal. 

[0021] As to other materials, in some embodiments, the 
diode region comprises a Group III-nitride, such as gallium 
nitride-based material. The transparent insulating material 
comprises silicon dioxide, and the re?ective cathode contact 
comprises aluminum. The re?ective anode contact comprises 
nickel and silver. The transparent anode contact comprises 
indium tin oxide. Moreover, the transparent substrate com 
prises silicon carbide. Other materials may be used in other 
embodiments. 

[0022] Methods of fabricating light emitting diodes also 
may be provided according to other embodiments. In some 
embodiments, a via is etched through a p-type layer at a ?rst 
face of a diode region to expose an n-type layer therein. An 
anode contact is formed on the ?rst face that ohmically con 
tacts the p-type layer. A transparent insulating layer is formed 
on sideWalls of the via and extending onto the ?rst face 
outside the via. A re?ective cathode contact is formed that 
ohmically contacts the n-type layer on a ?oor of the via and 
that extends on the transparent layer that is on the sideWalls of 
the via and on the transparent layer that is on the ?rst face 
outside the via. 

[0023] More speci?cally, the anode contact may be formed 
by forming a transparent anode contact that ohmically con 
tacts the p-type layer and extends on the ?rst face. A current 
spreading layer may then be formed on a portion of the 
transparent anode contact. Moreover, the transparent insulat 
ing layer may be formed to extend on the transparent anode 
contact, and the re?ective cathode contact may also extend on 
the transparent insulating layer that is on the transparent 
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anode contact. In other embodiments, the anode contact may 
be fabricated by forming a re?ective layer that ohmically 
contacts the p-type layer and forming a barrier layer on the 
re?ective layer including on the sideWalls thereof. Moreover, 
the transparent insulating layer may be formed by blanket 
forming a transparent insulating layer and opening vias in the 
transparent insulating layer that extend to the n-type layer and 
the p-type layer. Analogous methods may be provided to 
fabricate the other embodiments described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIGS. 1-4 are cross-sectional vieWs of light emitting 
diodes according to various embodiments. 
[0025] FIGS. 5A-5B are top vieWs of light emitting diodes 
according to various embodiments. 
[0026] FIG. 6 is a ?oWchart of operations that may be 
performed to fabricate light emitting diodes according to 
various embodiments. 
[0027] FIG. 7A is a top vieW and FIG. 7B is a cross-sec 
tional vieW along line 7B-7B' of FIG. 7A, of a light emitting 
diode according to various other embodiments. 
[0028] FIGS. 8A-8C are cross-sectional vieWs of light 
emitting diodes of FIGS. 7A and 7B during intermediate 
fabrication steps according to other embodiments. 
[0029] FIG. 9 is a cross-sectional vieW ofa light emitting 
diode according to yet other embodiments. 
[0030] FIGS. 10A-10D and 10A'-10D' are cross-sectional 
and top plan vieWs, respectively, of light emitting diodes 
according to various embodiments during fabrication accord 
ing to various embodiments. 
[0031] FIG. 11 is a plan vieW of an alternate embodiment of 
FIG. 10D' 
[0032] FIG. 12 is a cross-sectional vieW of a light emitting 
diode according to embodiments of FIG. 3, mounted on a 
mounting substrate in a ?ip-chip con?guration according to 
various embodiments. 

DETAILED DESCRIPTION 

[0033] The present invention noW Will be described more 
fully With reference to the accompanying draWings, in Which 
various embodiments are shoWn. This invention may, hoW 
ever, be embodied in many different forms and should not be 
construed as limited to the embodiments set forth herein. 
Rather, these embodiments are provided so that this disclo 
sure Will be thorough and complete, and Will fully convey the 
scope of the invention to those skilled in the art. In the draW 
ings, the siZe and relative siZes of layers and regions may be 
exaggerated for clarity. Like numbers refer to like elements 
throughout. 
[0034] It Will be understood that When an element such as a 
layer, region or substrate is referred to as being “on” another 
element, it can be directly on the other element or intervening 
elements may also be present. Furthermore, relative terms 
such as “beneath” or “overlies” may be used herein to 
describe a relationship of one layer or region to another layer 
or region relative to a substrate or base layer as illustrated in 
the ?gures. It Will be understood that these terms are intended 
to encompass different orientations of the device in addition 
to the orientation depicted in the ?gures. Finally, the term 
“directly” means that there are no intervening elements. As 
used herein, the term “and/or” includes any and all combina 
tions of one or more of the associated listed items and may be 
abbreviated as “/”. 
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[0035] It Will be understood that, although the terms ?rst, 
second, etc. may be used herein to describe various elements, 
components, regions, layers and/or sections, these elements, 
components, regions, layers and/or sections should not be 
limited by these terms. These terms are only used to distin 
guish one element, component, region, layer or section from 
another region, layer or section. Thus, a ?rst element, com 
ponent, region, layer or section discussed beloW could be 
termed a second element, component, region, layer or section 
Without departing from the teachings of the present invention. 
[0036] Embodiments of the invention are described herein 
With reference to cross-sectional and/or other illustrations 
that are schematic illustrations of idealiZed embodiments of 
the invention. As such, variations from the shapes of the 
illustrations as a result, for example, of manufacturing tech 
niques and/or tolerances, are to be expected. Thus, embodi 
ments of the invention should not be construed as limited to 
the particular shapes of regions illustrated herein but are to 
include deviations in shapes that result, for example, from 
manufacturing. For example, a region illustrated or described 
as a rectangle Will, typically, have rounded or curved features 
due to normal manufacturing tolerances. Thus, the regions 
illustrated in the ?gures are schematic in nature and their 
shapes are not intended to illustrate the precise shape of a 
region of a device and are not intended to limit the scope of the 
invention, unless otherWise de?ned herein. 
[0037] Unless otherWise de?ned herein, all terms (includ 
ing technical and scienti?c terms) used herein have the same 
meaning as commonly understood by one of ordinary skill in 
the art to Which this invention belongs. It Will be further 
understood that terms, such as those de?ned in commonly 
used dictionaries, should be interpreted as having a meaning 
that is consistent With their meaning in the context of the 
relevant art and this speci?cation and Will not be interpreted in 
an idealiZed or overly formal sense unless expressly so 
de?ned herein. 

[0038] As used herein, a layer or region of an LED is 
considered to be “transparent” When at least 90% of the 
radiation from the LED that impinges on the transparent layer 
or region emerges through the transparent region. For 
example, in the context of blue and/or green LEDs that are 
fabricated from gallium nitride-based materials, silicon diox 
ide can provide a transparent insulating layer (for example, at 
least 90% transparent), Whereas indium tin oxide (ITO) can 
provide a transparent conductive layer (for example, at least 
90% transparent) as measured by considering transmitted and 
re?ected components on a sapphire substrate. Moreover, as 
used herein, a layer or region of an LED is considered to be 
“re?ective” When at least 90% of the angle averaged radiation 
that impinges on the re?ective layer or region from the LED 
is re?ected back into the LED. For example, in the context of 
gallium nitride-basedblue and/or green LEDs, aluminum (for 
example, at least 90% re?ective) may be considered re?ective 
materials. In the case of ultraviolet (UV) LEDs, appropriate 
materials may be selected to provide a desired, and in some 
embodiments high, re?ectivity and/ or a desired, and in some 
embodiments loW, absorption. 
[0039] Some embodiments noW Will be described generally 
With reference to gallium nitride (GaN)-based light emitting 
diodes on silicon carbide (SiC)-based mounting substrates for 
ease of understanding the description herein. HoWever, it Will 
be understood by those having skill in the art that other 
embodiments of the present invention may be based on a 
variety of different combinations of mounting substrate and 
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epitaxial layers. For example, combinations can include 
AlGaInP diodes on GaP mounting substrates; InGaAs diodes 
on GaAs mounting substrates; AlGaAs diodes on GaAs 
mounting substrates; SiC diodes on SiC or sapphire (A1203) 
mounting substrates and/or a Group III-nitride-based diode 
on gallium nitride, silicon carbide, aluminum nitride, sap 
phire, Zinc oxide and/or other mounting substrates. Moreover, 
in other embodiments, a mounting substrate may not be 
present in the ?nished product. In some embodiments, the 
light emitting diodes may be gallium nitride-based LED 
devices manufactured and sold by Cree, Inc. of Durham, NC. 
[0040] FIG. 1 is a cross-sectional vieW ofa light emitting 
diode according to various embodiments. Referring to FIG. 1, 
these light emitting diodes include a diode region 110 having 
?rst and second opposing faces 110a, 110b, respectively, and 
including therein an n-type layer 112 and a p-type layer 114. 
Other layers or regions 116 may be provided Which may 
include quantum Wells, buffer layers, etc., that need not be 
described herein. The diode region 110 also may be referred 
to herein as an “LED epi region”, because it is typically 
formed epitaxially on a substrate 120. For example, a Group 
III-nitride based LED epi 110 may be formed on a silicon 
carbide groWth substrate 120. In some embodiments, as Will 
be described beloW, the groWth substrate 120 may be present 
in the ?nished product. In other embodiments, the groWth 
substrate 120 may be removed. 

[0041] Continuing With the description of FIG. 1, an anode 
contact 130, also referred to as a “p-contact”, ohmically con 
tacts the p-type layer 114 and extends on the ?rst face 11011 of 
the diode region 110. The anode contact 130 may extend to a 
greater or less extent on the p-type layer 114 than illustrated 
in FIG. 1. A transparent insulating layer 140 also extends on 
the ?rst face 110a outside the anode contact 130. A re?ective 
cathode contact 150, also referred to as an “n-contact” elec 
trically contacts the n-type layer 112 and extends through the 
transparent insulating layer 140 and onto the transparent insu 
lating layer 140 that is outside the anode contact 130. In some 
embodiments, the re?ective cathode contact 150 may directly 
and ohmically contact the n-type layer 112. In other embodi 
ments, hoWever, a thin ohmic contact layer, such as a layer of 
titanium, may provide the actual ohmic contact to the n-type 
layer 112. The transparent insulating layer 140 and the re?ec 
tive cathode contact 150 can provide a hybrid re?ective struc 
ture or “hybrid mirror”, Wherein the underlying transparent 
insulating layer 140 provides an index refraction mismatch or 
index step to enhance the total internal re?ection (TIR) from 
the re?ective layer 150 compared to absence of the underly 
ing transparent insulating layer 140. It Will also be understood 
that, in other embodiments, the transparent insulating layer 
140 may comprise multiple sublayers, such as oxide and 
nitride sublayers to provide, for example, a distributed Bragg 
re?ector. Moreover, the re?ective cathode contact 150 may 
also include a plurality of sublayers. 
[0042] As also shoWn in FIG. 1, in some embodiments, a 
via 118 extends into the ?rst face 11011 to expose the n-type 
layer 112, and the transparent insulating layer 140 extends 
into the via 118. Moreover, the re?ective cathode contact 150 
also extends on the transparent insulating layer 140 into the 
via 118, to electrically, and in some embodiments ohmically, 
contact the n-type layer 112 that is exposed in the via 118. 
[0043] An anode pad 160 also is provided that is electrically 
connected to the anode contact 130. A cathode pad 170 is also 
provided that is electrically connected to the re?ective cath 
ode contact 150. As shoWn, the anode and contact pads 160 
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and 170 extend on the ?rst face 11011 in closely spaced apart 
relation to one another, to de?ne a gap 172 therebetWeen. The 
gap may be ?lled With an insulator as described beloW. In any 
embodiments illustrated herein, the gap 172 may occur at any 
desired position and is not limited to the position illustrated 
herein. In some embodiments, the cathode pad 170 may be 
made as large as possible, so that it can be directly coupled to 
a grounded heat sink for enhanced thermal dissipation in a 
?ip-chip mounting con?guration, Without the need for an 
intervening electrically insulating layer that could reduce 
thermal ef?ciency. 
[0044] As also shoWn in FIG. 1, a transparent substrate, 
such as a transparent silicon carbide groWth substrate 120, 
may be included on the second face 110!) of the diode region 
110. The transparent substrate 120 may include beveled side 
Walls 120a and may also include an outer face 120!) that is 
remote from the diode region 110. As shoWn, the outer face 
120!) may be textured. The thickness of the substrate 120, the 
resistivity of the substrate, geometry of the sideWalls 120a 
and/ or the texturing of the remote face 120!) may be con?g 
ured to enhance the far ?eld emission of radiation from the 
diode region 110 through the substrate 120. The emission 
from the diode region 110 may take place directly from the 
diode region 110 through the substrate 120 and may also take 
place by re?ection from the re?ective cathode contact 150 
back through the diode region 110 and through the substrate 
120. In some embodiments, re?ection may also take place 
from the anode contact 130, as Will be described in detail 
beloW. 

[0045] As also shoWn in FIG. 1, in some embodiments, 
When the transparent substrate 120 is sapphire, Patterned 
Sapphire Substrate (PSS) technology may be used to texture 
the interface betWeen the sapphire substrate 120 and the diode 
region 110, as shoWn by the jagged interface betWeen the 
substrate 120 and the second face 110!) of the diode region 
110. As is Well knoWn, PSS technology may provide texture 
features that may be, for example, about 3 um in siZe on an 
about 5 pm pitch. The use of PSS technology can enhance the 
extraction e?iciency betWeen the gallium nitride-based diode 
region 110 and the index mismatched sapphire substrate 120. 
[0046] Accordingly, some embodiments of the invention 
can provide an LED that is suitable for ?ip-chip mounting 
(i.e., mounting opposite the orientation of FIG. 1), Wherein 
the anode pad 160 and the cathode pad 170 are mounted on a 
supporting substrate, such as a printed circuit board or other 
Wiring board, and emission of light takes place through the 
substrate 120 remote from the anode pad 160 and the cathode 
pad 170. Thus, a lateral LED may be provided Wherein both 
the anode contact 130 and the cathode contact 150 extend on 
a given face of the diode region (i.e., the ?rst face 110a), and 
emission takes place remote from the anode and cathode 
contacts 130 and 150, respectively, through the second face 
110!) of the diode region, and through the substrate 120. In 
other embodiments, the substrate may be removed so that 
emission takes place directly from the second face 110!) of the 
diode region 110. 
[0047] As Was noted above, the geometry of the substrate 
120 may be con?gured to provide a desired far ?eld emission 
pattern, such as Lambertian emission. Moreover, texturing 
may take place on the sideWalls 120a and/ or on the face 120!) 
of the substrate 120. Many different con?gurations of textur 
ing may be used including random texturing, microlenses, 
microarrays, scattering regions and/ or other optical regions. 
According to some embodiments, the outer face 120!) may be 
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differently textured in a ?rst portion 120c thereof than a 
second portion 120d thereof, so as to provide an orientation 
indicator for the light emitting diode. Thus, as shoWn in FIG. 
1, an array of microlenses 120d may be provided except at a 
given area adjacent the transparent cathode contact, Wherein 
a small bar 1200 or other indicator, such as a “+” sign, may be 
provided. The different texturing on the remote face 120!) of 
the substrate can provide an orientation indicator that can 
alloW pick-and-place equipment to correctly orient the LED 
for packaging, even if the structure of the LED is not “visible” 
to the pick-and-place equipment through the textured sub 
strate. 

[0048] In some embodiments, the anode contact and/or the 
cathode contact can provide a re?ective structure on the ?rst 
face 11011 that is con?gured to re?ect substantially all light 
that emerges from the ?rst face 110a back into the ?rst face 
11011. The re?ective structure further includes the transparent 
insulating layer 140 beneath the cathode contact 150 and 
extensions thereof 15011. In particular, in some embodiments, 
the re?ective structure re?ects the light that emerges from at 
least 90% of an area of the ?rst face 11011. The re?ective 
structure may comprise re?ective materials that themselves 
re?ect at least 90% of the light that impinges thereon. In some 
embodiments, the anode contact 130 may be a re?ective 
anode contact that ohmically contacts the p-type layer 114. In 
these embodiments, the re?ective structure may be provided 
by a re?ective surface of the anode contact 130 that ohmically 
contacts the p-type layer 114, a re?ective surface of the cath 
ode contact 150 that ohmically contacts the n-type layer 112 
and a re?ective surface of extensions of the cathode contact, 
identi?ed as 15011 in FIG. 1, that extend onto the ?rst face 
110a betWeen the via 118 and the anode contact 130, in 
combination With the transparent insulating layer 140. In 
other embodiments, the anode contact 130, may be transpar 
ent, and the re?ective cathode contact 150, speci?cally the 
extensions 15011 of the re?ective cathode contact 150, may 
extend onto the transparent anode contact 130 to provide a 
re?ective structure in combination With the transparent insu 
lating layer 140. Thus, in some embodiments, the re?ective 
cathode contact can extend to cover substantially all of the 
?rst face that is outside the anode contact With the re?ective 
cathode contact. In other embodiments, the re?ective cathode 
contact can cover substantially all of the ?rst face that is 
outside the anode contact With the re?ective cathode contact, 
and also can cover at least a portion of the anode contact With 
the re?ective cathode contact. More detailed embodiments 
Will be described beloW. 

[0049] Accordingly, some embodiments may provide 
LEDs With a lateral ?ip-chip con?guration. Some embodi 
ments may provide dual mirrors on the p-type and n-type 
layers. Moreover, the n-type mirror may be an integrated 
n-contact mirror that can make electrical contact With at least 
one n-type layer of the LED epi, and can also extend over at 
least one p-type contact of the LED epi. The integrated n-con 
tact mirror may include a material, such as aluminum, that is 
optically re?ective to Wavelengths generated by the LED epi. 
The transparent insulating layer and the re?ective layer can 
provide a hybrid re?ective structure or “hybrid mirror”, 
Wherein the underlying transparent insulating layer provides 
an index of refraction mismatch or index step to enhance the 
TIR from the diode region compared to absence of the under 
lying transparent insulating layer. Moreover, the light emit 
ting face of the LED chip, opposite the mirror(s), may include 
a groWth substrate. The groWth substrate may further include 
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a shaped surface, such as tapered sidewalls and/or texturing, 
for light extraction purposes. The amount of tapering and/or 
texturing may be related to the total thickness of the LED, 
including the groWth substrate. The geometry of the substrate 
(e. g., thickness/sideWall bevels) and/or the texturing thereof 
may be adjusted to achieve desired far-?eld emission pat 
terns. Moreover, since the substrate need not conduct current, 
it can have high resistivity so that it can be transparent. 

[0050] LED chips according to various embodiments may 
be more rugged or robust than conventional LED chips. In 
particular, the only exposed surfaces of the LED chip may be 
solid p- or n-contact portions on one side, and the groWth 
substrate on the other side. In contrast, conventional LED 
chips may need fragile Wire bonds and may include exposed 
top and/ or bottom portions of the LED epi. 

[0051] Moreover, it has also been found, according to vari 
ous embodiments, that the provision of a transparent insulat 
ing layer betWeen the diode region and the re?ective cathode 
contact may actually enhance the re?ectivity from the diode 
region by providing an index mismatch or index step. Accord 
ingly, as shoWn, for example, in FIG. 1, the transparent insu 
lating layer 140 can provide an integral optical element for the 
re?ective cathode contact 150, in addition to providing 
desired electrical insulation for the LED. Moreover, the trans 
parent insulating layer 140 and the re?ective cathode contact 
150 can provide a hybrid mirror. 

[0052] An explanation of the operation of the transparent 
insulating layer 140 as part of a hybrid re?ector Will noW be 
provided. In particular, LEDs typically include multiple lay 
ers of different materials. As a result, light emitted from the 
active region must typically pass through or across one or 
more of such layers before exiting the LED. Snell’s laW 
dictates that the photons Will be refracted as they pass from 
one material to the next. The angles at Which the photons Will 
be refracted Will depend upon the difference betWeen the 
refractive indexes of the tWo materials and the angle of inci 
dence at Which the light strikes the interface. 

[0053] In an LED, although some re?ected light Will still 
escape the LED at some other location, a certain percentage 
Will be totally internally re?ected, never escape the LED, and 
Will thus functionally reduce the external e?iciency of the 
LED. Although the individual reduction in the percentage of 
photons escaping may appear to be relatively small, the 
cumulative effect can be signi?cant, and LEDs that are oth 
erWise very similar can have distinctly different performance 
e?iciencies resulting from even these small percentage 
losses. 

[0054] Snell’s laW dictates that When light crosses an inter 
face into a medium With a higher refractive index, the light 
bends toWards the normal. Similarly, When light travels across 
an interface from a medium With a high refractive index to a 
medium With a loWer refractive index, light bends aWay from 
the normal. At an angle de?ned as the critical angle, light 
traveling from a medium With a high refractive index to a 
medium With a loWer refractive index Will be refracted at an 
angle of 90°; i.e., parallel to the boundary. At any angle 
greater than the critical angle, an incident ray undergoes total 
internal re?ection (TIR). The critical angle is thus a function 
of the ratio of the refractive indexes. If the light hits the 
interface at any angle larger than this critical angle, the light 
Will not pass through to the second medium at all. Instead, the 
interface re?ects the light back into the ?rst medium, a pro 
cess knoWn as total internal re?ection. The loss of light due to 
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this total internal re?ection is knoWn as the critical angle loss, 
and is another factor that reduces the external e?iciency of the 
LED. 

[0055] Embodiments of a hybrid mirror described herein 
use index mismatching to enhance total internal re?ection 
(TIR) based on Snell’s laW. In order to enhance TIR, it is 
desired to provide a large index change to a loWer refractive 
index material relative to the GaN-based diode region. Thus, 
any light outside the escape cone angle given by Snell’s laW is 
internally re?ected back into the diode region, and can have 
essentially no loss. The re?ective cathode contact 150 and/or 
a re?ective anode contact can then be used to re?ect the 
fraction of the light impinging thereon from an omnidirec 
tional light source. Accordingly, both the transparent insulat 
ing layer 150 and the re?ective cathode contact act as a hybrid 
re?ector according to various embodiments to enhance 
re?ection of light emerging from the diode region back into 
the diode region. 
[0056] Other embodiments of the invention can provide a 
re?ective layer for a vertical LED. Thus, light emitting diodes 
according to various embodiments may also comprise a diode 
region including therein an n-type layer and a p-type layer, 
and a contact for one of the n-type layer or the p-type layer. 
The contact may comprise a transparent insulating layer 140 
on the one of the n-type layer or the p-type layer that has an 
index of refraction that is less than the one of the n-type layer 
or the p-type layer. A re?ective layer 150 is provided that 
electrically contacts the one of the n-type layer or the p-type 
layer, and that extends on the transparent insulating layer. 
Accordingly, the transparent insulating layer 140 can provide 
an integral optical element for a re?ective layer 150 so as to 
provide a hybrid mirror that can improve the re?ectivity of the 
re?ective layer 150 compared to absence of the transparent 
insulating layer 140, because the transparent insulating layer 
provides an index mismatch or index step to the diode region 
110. In other embodiments, the re?ective layer 150 can also 
electrically contact, and in some embodiments ohmically 
contact, the one of the n-type layer or the p-type layer, and 
may extend through the transparent insulating layer 140 to 
make this contact. In still other embodiments, a second con 
tact may be provided for the other of the n-type layer or the 
p-type layer. The second contact may comprise a second 
re?ective layer that ohmically contacts the other of the n-type 
layer or the p-type layer. In other embodiments, the second 
contact may comprise a transparent conductive layer that 
ohmically contacts the other of the n-type layer or the p-type 
layer, and the transparent insulating layer 140 and the re?ec 
tive layer 150 can both extend onto the transparent conductive 
layer. These other embodiments Will be described in detail 
beloW, for example in connection With FIGS. 2 and 3. 
[0057] Moreover, various embodiments as described 
herein can also provide a diode region 110 having ?rst and 
second opposing faces 110a, 110b, and including therein an 
n-type layer 112 and a p-type layer 114. A re?ective anode 
contact 130 ohmically contacts the p-type layer and extends 
on the ?rst face 11011. A re?ective cathode contact 150 ohmi 
cally contacts the n-type layer and extends on the ?rst face. 
The re?ective anode contact 130 and the re?ective cathode 
contact 150 are con?gured to re?ect substantially all light that 
emerges from the ?rst face 110a back into the ?rst face 110a. 
Stated differently, the re?ective cathode contact 150 can 
cover substantially all of the ?rst face 11011 that is outside the 


















